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,QWURGXFWLRQ
$VKLIWWRHOHFWULFPRELOLW\LVDNH\VWUDWHJ\IRUDFKLHYLQJWKHDPELWLRXVWUDQVSRUWGHFDUERQL]DWLRQJRDOVRXWOLQHG
LQWKH(XURSHDQ&RPPLVVLRQ¶V:KLWH3DSHU>@7RGD\WKHUHDUHDURXQGHOHFWULFYHKLFOHVDQGSOXJ
LQK\EULGHOHFWULFYHKLFOHVLQ(XURSH>@7KH,QWHUQDWLRQDO(QHUJ\$JHQF\KDVHVWLPDWHGWKDWWKHVWRFNRIHOHFWULF
SDVVHQJHUYHKLFOHVFRXOGUHDFKRIWKHWRWDOSDVVHQJHUFDUVRQWKHURDGRUPLOOLRQE\>@
$OWKRXJK SURYLGLQJ FRQVLGHUDEOH HQYLURQPHQWDO EHQHILWV WKH LQWURGXFWLRQ RI HOHFWULFPRELOLW\ DQG DOWHUQDWLYH
IXHO YHKLFOHV LQ JHQHUDO LV D JUHDW FKDOOHQJH 9DULRXV EDUULHUV LQFOXGLQJ WHFKQLFDO ILQDQFLDO LQVWLWXWLRQDO DQG
DGPLQLVWUDWLYHSROLWLFDODQGOHJDODVZHOODVSK\VLFDOGHOD\DZLGHUDSSOLFDWLRQRIVXVWDLQDEOHWUDQVSRUW>@
3XEOLFERGLHVDUHDFNQRZOHGJHGWREHDQLPSRUWDQWGULYHUWRDFKLHYHHQHUJ\HQGXVHHIILFLHQF\>@,QWURGXFLQJ
HOHFWULFPRELOLW\LQWKHSXEOLFVHFWRUFRXOGIXOILOODQH[HPSODU\UROHFRQWULEXWHWRRYHUFRPLQJWKHH[LVWLQJEDUULHUV
HJ VRFLDO DFFHSWDQFH DQG VWLPXODWH PDUNHW WUDQVIRUPDWLRQ WRZDUGV D ORZFDUERQ VRFLHW\ 0RUHRYHU HOHFWULF
PRELOLW\ FDQ FRQWULEXWH WR HOHFWULF ORDG VKLIWLQJ LQWHJUDWLRQ RI LQWHUPLWWHQW UHQHZDEOH HQHUJ\ VRXUFHV DQG &2
HPLVVLRQUHGXFWLRQLQ/DWYLDWKURXJKYHKLFOHWRJULGV\VWHPVDVVKRZQE\>@7KHUHIRUHWKLVUHVHDUFKIRFXVHVRQ
WKHSXEOLFVHFWRUYHKLFOHIOHHW7KHJRDORIWKLVVWXG\LVWRHYDOXDWHWKHILUVWVWHSVWRLQWURGXFLQJHOHFWULFPRELOLW\LQ
/DWYLDQPXQLFLSDOLWLHV
(OHFWULFPRELOLW\LVDWLWVHDUO\VWDJHVRIGHYHORSPHQWLQ/DWYLD,WLVPDLQO\OLPLWHGWRWKHXVHRIHOHFWULFSXEOLF
WUDQVSRUWWUDPVDQGWUROOH\EXVHVLQWKHWKUHHODUJHVW/DWYLDQFLWLHVE\SRSXODWLRQ5LJD'DXJDYSLOVDQG/LHSDMD
DQGHOHFWULFSDVVHQJHU UDLOZD\ OLQHV7KHPDUNHWSHQHWUDWLRQRIHOHFWULFFDUVKDVEHHQUDWKHUVORZ7KHQXPEHURI
HOHFWULFYHKLFOHVZDVLQLQDQGLQ7KHLQFUHDVHLQFRPSDUHGWRWKHSUHYLRXV\HDU
ZDVWKHUHVXOWRID6WDWHVXSSRUWSURJUDPPH7KHSURJUDPPHSURYLGHGVXEVLGLHVIRUHOHFWULFYHKLFOHSXUFKDVHDQG
FKDUJLQJLQIUDVWUXFWXUHGHYHORSPHQWERWKLQWKHSXEOLFDQGSULYDWHVHFWRU,QWRWDOSURMHFWVZLWKDWRWDOQXPEHU
RIHOHFWULFFDUVUHFHLYHGJUDQWVILQDQFLDOVXSSRUWLQWKHUDQJHRI±RIFDSLWDOFRVWV:LWKLQWKLVVWXG\
WKHH[SHULHQFHZLWKWKHXVHRIHOHFWULFYHKLFOHVE\SDUWLFLSDQWVRIWKHSURJUDPPHZDVFROOHFWHG7KLVZDVGRQHZLWK
WKHKHOSRIDVXUYH\GHVLJQHGWRFROOHFWXVHUV¶RSLQLRQVDQGDWWLWXGHVWRWKHQHZHOHFWULFFDUV
0HWKRGRORJ\
7KHVXUYH\FRQVLVWHGRITXHVWLRQVJURXSHGLQWKUHHVHFWLRQV7KHILUVWJURXSRITXHVWLRQVGHDOWZLWKWHFKQLFDO
GDWDRQPXQLFLSDOYHKLFOHIOHHWVLQFOXGLQJHOHFWULFYHKLFOHV7KHVHFRQGJURXSRITXHVWLRQVZDVGHVLJQHGWRFODULI\
XVHU KDELWV DQG DWWLWXGHV WRZDUGV HOHFWULF YHKLFOHV 7KH WKLUG JURXS RI TXHVWLRQV ZDV WDUJHWHG WR XQGHUVWDQG WKH
PRWLYDWLRQRIPXQLFLSDOLWLHVWRSDUWLFLSDWHLQWKH6WDWHVXSSRUWSURJUDPPHDQGDOVRHYDOXDWHWKHH[LVWLQJEDUULHUVWR
D ZLGHU SHQHWUDWLRQ RI HOHFWULF YHKLFOHV 7KH VXUYH\ FRQVLVWHG RI RSHQ TXHVWLRQV PXOWLSOH FKRLFH TXHVWLRQV DQG
/LNHUWVFDOHTXHVWLRQV
$ UHTXHVW WR FRPSOHWH WKH VXUYH\ ZDV VHQW YLD HPDLO WR  SXEOLF ERGLHV PXQLFLSDOLW\ DGPLQLVWUDWLRQV
XQLYHUVLWLHVSXEOLFXWLOLWLHVHWFZKLFKZHUHJUDQWHG6WDWHVXSSRUWIRUHOHFWULFYHKLFOHSXUFKDVH7KHLQYLWDWLRQZDV
VHQWWRUHVSRQVLEOHSHUVRQVLQWKHPXQLFLSDOLW\GHYHORSPHQWGHSDUWPHQWV7KUHHRSWLRQVWRFRPSOHWHWKHVXUYH\ZHUH
SURSRVHG

x 9LDDQRQOLQHVXEPLVVLRQIRUPXVLQJYLVLGDWLOY
x %\ILOOLQJWKHVXUYH\IRUPLQDQHOHFWURQLFRUSULQWHGGRFXPHQWYHUVLRQ
x 9LDDWHOHFRQIHUHQFH

$IWHUWKHLQLWLDOFDOOUHVXOWVIURPPXQLFLSDOLWLHVORFDOJRYHUQPHQWDXWKRULWLHVDQGSXEOLFHVWDEOLVKPHQWVZHUH
UHFHLYHG,QRUGHUWRLQFUHDVHWKHQXPEHURIUHVSRQGHQWVDUHPLQGHUZDVGLVWULEXWHGYLDHPDLODQGE\SKRQH$VD
UHVXOW FRPSOHWHG TXHVWLRQQDLUHV ZHUH UHFHLYHG IURP  UHVSRQGHQWV   RI DOO RI WKH   DQVZHUV ZHUH
UHFHLYHGHOHFWURQLFDOO\DQVZHUVZHUHFROOHFWHGIURPWKHRQOLQHV\VWHPDQGRQHDQVZHU±YLDDWHOHFRQIHUHQFH

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5HVXOWV
,QWKHIROORZLQJVHFWLRQVUHVXOWVRIWKHVXUYH\DUHGHVFULEHGDFFRUGLQJWRWKHWKUHHJURXSVRITXHVWLRQV
3.1. Technical information 
7KHYHKLFOHIOHHWDPRQJWKHUHVSRQGHQWVLVGRPLQDWHGE\GLHVHOFDUVIROORZHGE\JDVROLQHIXHOHGFDUV
OLTXHILHGSHWUROHXPJDV/3*FDUVDQGHOHFWULFYHKLFOHV7KHDYHUDJHDJHRIDFDULV\HDUV
DQGWKHYHKLFOHIOHHWLVUHQHZHGRQFHSHUWR\HDUVGHSHQGLQJRQWKHUHVSRQGHQW$OPRVWKDOIRIUHVSRQGHQWV
DGPLWWHGWKDWWKHHOHFWULFYHKLFOHZDVQRWSXUFKDVHGZLWKDQDLPRIUHSODFLQJDQ\FXUUHQWO\RXWRIRUGHURU
UHWLUHGFDUUHVSRQGHGWKDWWKHHOHFWULFYHKLFOHUHSODFHVDSUHYLRXVO\XVHGFRQYHQWLRQDOFDUUHVSRQGHG
WKDW WKH HOHFWULF FDUZLOO UHSODFH D FXUUHQWO\ XVHG FRQYHQWLRQDOO\ IXHOHG FDU DIWHU WKH HQGRI LWV OLIHWLPH$PRQJ
SXUFKDVHGHOHFWULFYHKLFOHV9RONVZDJHQ(XSPRGHOZDV WKHPRVWSRSXODUZLWKVKDUH IROORZHGE\
0LWVXELVKLL0L(91LVVDQ(19&LWURHQ%HUOLQJR,,,)*(OHNWURDQG1LVVDQ/HDI
(OHFWULFYHKLFOHVDUHXVXDOO\FKDUJHGIURPUHJXODUVRFNHWV2QO\WKUHHSXEOLFO\DYDLODEOHIDVWFKDUJHUVZHUHILQDOO\
LQVWDOOHGRIDSSURYHGSURMHFWSURSRVDOVZLWKLQWKH6WDWHVXSSRUWSURJUDPPH
3.2. The use of electric vehicles  
$OOHOHFWULFYHKLFOHVDUHXVHGGDLO\ IRUGXW\QHHGV XWLOLW\DQGVRFLDO VHUYLFHV LQVSHFWLRQV8VXDOO\ WKHXVHRI
HOHFWULFFDUVLVRUJDQL]HGHLWKHUZLWKRXWDQ\UHVWULFWLRQVRUOLPLWHGWRDQXPEHURIXVHUV
7KHGDLO\PLOHDJHRIHOHFWULFYHKLFOHVLVGLIIHUHQWDPRQJUHVSRQGHQWPXQLFLSDOLWLHVRIUHVSRQGHQWVWDNHD
WULS LQ WKH UDQJHRI±NPDQGRI UHVSRQGHQWV WDNH WULSVRQ DYHUDJHRI±NPSHU WULSRI
UHVSRQGHQWVGLGQRWILWLQDQ\RIWKHJLYHQJURXSVIDLOLQJWRFOHDUO\GHILQHWKHGLVWDQFHEHLQJLQWKHUDQJHRI±
NP ,Q JHQHUDO QRQH RI WKH UHVSRQGHQWV LQGLFDWHG D WULS GLVWDQFH DERYH  NP7KLVZDV DFWXDOO\ WKHPD[LPXP
GULYLQJGLVWDQFH LQGLFDWHGE\ UHVSRQGHQWV+RZHYHU LW VKRXOG EHQRWHG WKDW WKH HOHFWULF YHKLFOHVZHUH SXUFKDVHG
GXULQJ WKH FROG VHDVRQ DQG WKH VXUYH\ZDV FRQGXFWHG LQ HDUO\ VSULQJ WKXV LW FDQ EH DVVXPHG WKDW WKHPD[LPXP
PLOHDJHSHURQHFKDUJHFRXOGEHODUJHULQVXPPHUWLPH,Q7DEOHWKHUHVSRQGHQWVDWWLWXGHVWRHOHFWULFYHKLFOHXVH
LVVKRZQ
7DEOH3HUFHQWDJHRISDUWLFLSDQWVLQGLFDWLQJWKHGHJUHHRIDJUHHPHQWRQVWDWHPHQWVDERXWHOHFWULFYHKLFOH(9XVH
6WDWHPHQWDERXWHOHFWULFYHKLFOHXVH
'HJUHHRIDJUHHPHQW
6WURQJO\
GLVDJUHH 'LVDJUHH
1R
RSLQLRQ $JUHH
6WURQJO\
DJUHH
0LOHDJHOLPLWRIWKH(9KDVDQHIIHFWRQGDLO\DFWLYLWLHV     
7LPHVSHQWRQFKDUJLQJ(9KDVDQHIIHFWRQGDLO\DFWLYLWLHV     
&DUIOHHWPDLQWHQDQFHFRVWVKDYHLQFUHDVHG     
)XHOFRVWVDUHQRWLFHDEO\ORZHUFRPSDUHGWRFRQYHQWLRQDOFDUV     
)XQFWLRQDOLW\RIWKH(9GURSVGXULQJWKHFROGSHULRG     
'ULYLQJ(9KDVLQWURGXFHGLQWHUHVWIURPSXEOLF     
6L]HRIWKH(9OLPLWVSDVVHQJHUDQGJRRGVWUDQVSRUW     

$FFRUGLQJWRWKHUHVXOWVDJUHHWKDWGULYLQJDQHOHFWULFYHKLFOHUHTXLUHVDPRUHGHWDLOHGSODQQLQJRIWULSV
GXHWRWKHOLPLWHGPLOHDJHZLWKRQHEDWWHU\FKDUJHDOVRDJUHHWKDWWKHWLPHVSHQWRQHOHFWULFYHKLFOHFKDUJLQJ
KDVDQHIIHFWRQSODQQLQJGDLO\DFWLYLWLHV7KHPDMRULW\RIUHVSRQGHQWVKDYHQRWREVHUYHGDQRWLFHDEOHLQFUHDVHLQFDU
PDLQWHQDQFH FRVWV FRPSDUHG WR FRQYHQWLRQDO FDUV +RZHYHU D WKLUG RI UHVSRQGHQWV   FDQQRW FRPSDUH
PDLQWHQDQFH FRVWV ZKLFK FRXOG EH H[SODLQHG GXH WR WKH VKRUW WLPH RI HOHFWULF YHKLFOH RZQHUVKLS   RI
UHVSRQGHQWV KDYH SRVLWLYHO\ HYDOXDWHG UHGXFWLRQ RI IXHO FRVWV FRPSDUHG WR WKH IRVVLOIXHOOHG FDUV   RI
UHVSRQGHQWV DJUHH WKDW WKHUH LV D ORVVRI IXQFWLRQDOLW\ LQ WHUPVRIPD[LPXPPLOHDJHZLWKRQHFKDUJH LQ WKH FROG
 Aiga Barisa et al. /  Energy Procedia  95 ( 2016 )  50 – 57 53
VHDVRQ7KH ODUJHVWDPELJXLW\ZDVDWWULEXWHG WRDQRWKHUDVSHFWRIHOHFWULFYHKLFOHIXQFWLRQDOLW\ LH WKHVL]HRI WKH
FDURIUHVSRQGHQWVDJUHHWKDWVL]HLVDOLPLWLQJIDFWRUIRUSDVVHQJHUDQGJRRGVWUDQVSRUW0HDQZKLOH
GLVDJUHH WR WKH JLYHQ VWDWHPHQW 'LIIHUHQFHV LQ RSLQLRQV FRXOG EH H[SODLQHG GXH WR YDULDWLRQV LQ HOHFWULF YHKLFOH
PRGHOVXVHGE\UHVSRQGHQWVRIWKHUHVSRQGHQWVDJUHHWKDWHOHFWULFYHKLFOHVDWWUDFWSXEOLFLQWHUHVWZKHQPHW
RQWKHVWUHHW
$V D EHQHILW RI HOHFWULF YHKLFOHV UHVSRQGHQWV PHQWLRQHG WKH VXLWDELOLW\ IRU XUEDQ WUDYHO GXH WR WKHLU JRRG
PDQHXYHUDELOLW\ 8VHUV SRVLWLYHO\ HYDOXDWHG WKH DELOLW\ RI FDUV WR TXLFNO\ ZDUP XS LQ WKH ZLQWHU WLPH UDSLG
DFFHOHUDWLRQJRRGGULYLQJDQGEUDNLQJPRGHVDVZHOODVUHGXFHGDLUSROOXWLRQ$ELOLW\WRFKDUJHYHKLFOHVDWKRPHRU
HOVHZKHUHIURPDVWDQGDUGHOHFWULFDOVRFNHWZDVDOVRHYDOXDWHGDVDSRVLWLYHDVSHFW0RUHRYHUUHVSRQGHQWVPHDVXUHG
HOHFWULFLW\FRVWVDVORZ$GGLWLRQDOHTXLSPHQWVXFKDVRQERDUGFRPSXWHUIURQWZLQGVKLHOGKHDWHUFOLPDWHFRQWURO
DQG QDYLJDWLRQ ZHUH DOVR PHQWLRQHG DV EHQHILWV 0HDQZKLOH WKH VLOHQW GULYLQJ PRGH RI HOHFWULF YHKLFOHV ZDV
HYDOXDWHGDPELJXRXVO\5HVSRQGHQWVERWKPHQWLRQHGLWDVDSRVLWLYHDVSHFWIRUWKHGULYHUDQGSDVVHQJHUVEXWDWWKH
VDPHWLPHDVDQHJDWLYHDVSHFWIRUSHGHVWULDQVDQGDQLPDOV
0DMRU GUDZEDFNV RI HOHFWULF YHKLFOHV PHQWLRQHG E\ UHVSRQGHQWV LQFOXGHG WKH ODFN RI FKDUJLQJ LQIUDVWUXFWXUH
ORQJHUWLPHVSHQWRQFKDUJLQJFRPSDUHGWRWKHUHIXHOLQJWLPHRIDFRQYHQWLRQDOFDUDQGOLPLWHGPLOHDJHZLWKRQH
FKDUJLQJ5HVSRQGHQWVDOVRQRWLFHGWKHIDFWWKDWWKHLQIRUPDWLRQLQWHFKQLFDOVSHFLILFDWLRQVGRHVQRWFRUUHVSRQGYHU\
ZHOOZLWKUHDOOLIHGDWDLQUHJDUGWRPLOHDJHPRVWO\DVZHOODVWKHIDFWWKDWHOHFWULFFDUVDUHQHZRQWKHPDUNHWDQG
WKHUHLVOLWWOHH[SHULHQFHZLWKWKHLUXVH7KXVLWLVXQFHUWDLQZKDWNLQGRIGHILFLHQFLHVFDQEHH[SHFWHGLQWKHIXWXUH
GHVSLWHWKHZDUUDQW\
3.3. Motivation and future development  
7DEOHVKRZVUHVSRQGHQWV¶RSLQLRQRQPRWLYDWLQJIDFWRUVIRUHOHFWULFYHKLFOHSXUFKDVH2IWKHJLYHQPRWLYDWLQJ
IDFWRUVUHVSRQGHQWVUDQNHGUHGXFWLRQRIDLUSROOXWLRQFRQWULEXWLRQWRQDWLRQDOFOLPDWHDQGHQHUJ\SROLF\JRDOVDQG
FRQWULEXWLRQWRUHJLRQDOGHYHORSPHQWDVLPSRUWDQWLQPRVWFDVHVRIWKHUHVSRQGHQWVDVVHVVHGFRQWULEXWLRQWR
WKH³JUHHQLPDJH´RIWKHPXQLFLSDOLW\DVDSUHGRPLQDQWPRWLYDWLQJIDFWRUIRUHOHFWULFYHKLFOHSXUFKDVH3RVVLELOLW\WR
UHGXFH IXHOFRVWVGXH WR VZLWFK IURPDFRQYHQWLRQDO IRVVLO IXHOFDU WRDQHOHFWULFFDUZDVHYDOXDWHGDV WKH VHFRQG
PRVWLPSRUWDQWPRWLYDWLQJIDFWRU
7DEOH3HUFHQWDJHRISDUWLFLSDQWVLQGLFDWLQJWKHGHJUHHRILPSRUWDQFHRIPRWLYDWLRQIRUHOHFWULFYHKLFOHSXUFKDVH
0RWLYDWLRQ
'HJUHHRILPSRUWDQFH
1RWDWDOO $OLWWOH 1RRSLQLRQ $ORW 3UHGRPLQDQW
5HGXFWLRQRIDLUSROOXWLRQLQWKHPXQLFLSDOLW\     
&RQWULEXWLRQWRQDWLRQDOFOLPDWHDQGHQHUJ\SROLF\JRDOV     
&RQWULEXWLRQWRORFDOPXQLFLSDOLW\SROLF\JRDOV     
&RQWULEXWLRQWRUHJLRQDOGHYHORSPHQW     
&RQWULEXWLRQWRWKH³JUHHQLPDJH´RIWKHPXQLFLSDOLW\     
3RVVLELOLW\WRUHGXFHIXHOFRVWV     

:KHQDVNHGWRHYDOXDWHWKHLPSRUWDQFHRIYDULRXVEDUULHUVGHOD\LQJWKHEURDGHULQWURGXFWLRQRIHOHFWULFYHKLFOH
XVHDOOUHVSRQGHQWVH[SUHVVHGWKHYLHZWKDWWKHSULFHWHFKQLFDOOLPLWDWLRQVDQGSRRUFKDUJLQJLQIUDVWUXFWXUHDUHWKH
PRVWLPSRUWDQWRUYHU\LPSRUWDQWDVSHFWV/DFNRILQIRUPDWLRQDERXWHOHFWULFYHKLFOHVZDVQRWLFHGDVDQLPSRUWDQW
DVSHFWE\RIDOOUHVSRQGHQWVZKLOHRWKHUVDQVZHUHGWKDWLWLVQRWDWDOOLPSRUWDQWRUPRVWO\QRWLPSRUWDQW,Q
)LJXUHUDQNLQJRIWKHPRVWLPSRUWDQWEDUULHUVLVJLYHQEDVHGRQFROOHFWHGUHVSRQVHV



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)LJ,PSRUWDQFHRIEDUULHUVRQHOHFWULFYHKLFOHDFFHSWDQFHLQ
)XUWKHU UHVSRQGHQWV ZHUH DVNHG WR HYDOXDWH WKH QHFHVVDU\ FKDQJHV LQ WKH JLYHQ EDUULHUV VR WKH\ ZRXOG QRW
FRQVLGHUWKLVEDUULHUDVVLJQLILFDQWIRUWKHLQWURGXFWLRQRIHOHFWULFYHKLFOHXVH5HVXOWVDUHVXPPDUL]HGLQ)LJ(DFK
EDUULHULQ)LJLVDFFRPSDQLHGZLWKDQH[SODQDWRU\WH[WVLPLODUO\OLNHLWZDVSUHVHQWHGLQWKHVXUYH\ 



DFXUUHQWPDUNHWSULFHLVQRWDEDUULHU(9FDQ
EHREWDLQHGIUHHRIFKDUJH
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3ULFH
EFXUUHQWRIIHURI(9PRGHOVLQWKHPDUNHWLVVXIILFLHQW
DQGLWLVQRWDEDUULHU(9PRGHODYDLODELOLW\LVVLPLODU
WRWKHPRGHODYDLODELOLW\RIFRQYHQWLRQDOFDUV
FFXUUHQWVLWXDWLRQZKHQWKHPDMRULW\RIFKDUJLQJVWDWLRQV
DUHVORZFKDUJLQJVWDWLRQVaKDVLWXDWLRQVZKHQ
PDMRULW\RIFKDUJLQJVWDWLRQVDUHIDVWFKDUJLQJVWDWLRQVaK
GFXUUHQWDYDLODELOLW\RIFKDUJLQJVWDWLRQVLVVXIILFLHQW
DQGLWLVQRWDEDUULHUFKDUJLQJVWDWLRQVDUHIUHHO\
DYDLODEOHDWSDUNLQJSODFHVPDMRUURDGVHWF
Ϯϱй
ϭϰй
ϮϮй
ϯϰй
ϱй ,ŝŐŚĞƌƉƌŝĐĞĐŽŵƉĂƌĞĚƚŽĐŽŶǀĞŶƚŝŽŶĂůĐĂƌƐ
>ŝŵŝƚĞĚĂǀĂŝůĂďŝůŝƚǇŽĨŵŽĚĞůƐ
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)LJ(IIHFWRILPSURYHPHQWRQEDUULHUVIRULQWURGXFWLRQRIHOHFWULFYHKLFOH(9XVHDSULFHHIIHFWEPRGHODYDLODELOLW\FFKDUJLQJWLPH
GFKDUJLQJLQIUDVWUXFWXUHDYDLODELOLW\HLQIRUPDWLRQDYDLODELOLW\
%DVHGRQUHVSRQGHQWUHVSRQVHVUHVXOWVVKRZWKDWHDFKRI WKHLGHQWLILHGEDUULHUVFDQEHRYHUFRPHE\SURYLGLQJ
YDULRXV OHYHOV RI LPSURYHPHQW$V IRU HOHFWULF YHKLFOH SULFH UHVSRQGHQWV KDYH DFNQRZOHGJHG WKDW FRVW UHGXFWLRQ
DERYHZRXOGUHVXOWLQVLJQLILFDQWLPSURYHPHQWLQWKHDWWLWXGHVRISRWHQWLDOXVHUV(JLIWKHSULFHRIDQHOHFWULF
FDUZRXOGEHFRPH±ORZHUWKDQLWLVFXUUHQWO\DOPRVWRIUHVSRQGHQWVZRXOGQRWFRQVLGHULWDVDEDUULHU
WRWKHLQWURGXFWLRQRIHOHFWULFYHKLFOHXVH)LJD7KHSULFHEDUULHUFRPSOHWHO\ORVHVLWVVLJQLILFDQFHLIFRVWVDUH
UHGXFHG E\  ±   $V IRU HOHFWULF YHKLFOH PRGHO DYDLODELOLW\ )LJ  E WKH ERWWRP OLQH RI UHTXLUHG
LPSURYHPHQWLV±FRPSDUHGWRWKHFXUUHQWVLWXDWLRQ:LWKWKHQXPEHURIHOHFWULFFDUPRGHOVRQWKHPDUNHW
JUDGXDOO\ LQFUHDVLQJ WKH EDUULHU LV DOVR JUDGXDOO\ UHGXFHG 6LPLODU OLQHDUO\ LQFUHDVLQJ WUHQG FDQ EH REVHUYHG IRU
LPSURYHPHQWVLQIDVWFKDUJLQJLQIUDVWUXFWXUHDYDLODELOLW\DQGLQIRUPDWLRQDYDLODELOLW\)LJF)LJH7KHVH
EDUULHUV FDQ RQO\ EH FRPSOHWHO\ RYHUFRPH LQ WKH EHVW FDVH VFHQDULR KRZHYHU D JUDGXDO LPSURYHPHQW FDQ EH
H[SHFWHGLQUHVSRQVHWRFRQWLQXRXVLQIUDVWUXFWXUHGHYHORSPHQWDQGSURYLVLRQRILQIRUPDWLRQ0HDQZKLOHWKHODFNRI
HOHFWULF YHKLFOH FKDUJLQJ LQIUDVWUXFWXUH SRVHV D VLJQLILFDQW LPSURYHPHQW FRPSDUHG WR WKH FXUUHQW VLWXDWLRQ WR
RYHUFRPH WKHEDUULHU%DVHGRQVXUYH\ UHVXOWV DQ LPSURYHPHQWEHWZHHQ±ZRXOGFKDQJH WKHDWWLWXGHRI
RQO\QHDUO\RISRWHQWLDOHOHFWULFYHKLFOHXVHUV
)LQDOO\ LQ 7DEOH  UHVSRQGHQW¶V RSLQLRQ RQ QHFHVVDU\ 6WDWH SROLF\ VXSSRUW PHDVXUHV IRU ZLGHU SHQHWUDWLRQ RI
HOHFWULFYHKLFOHVLVJLYHQ$PDMRULW\RIWKHUHVSRQGHQWVWKLQNWKDWILQDQFLDOVXSSRUWIRUYHKLFOHSXUFKDVHLVFUXFLDOWR
DFKLHYHKLJKHUPDUNHWVKDUH$VZHOORWKHUHFRQRPLFPRWLYDWRUVHJWD[SROLF\ZRXOGEHDPRWLYDWLQJIDFWRUIRUPRVW
UHVSRQGHQWV $Q LQFUHDVHRI IRVVLO IXHOSULFHVZRXOGEH DQ LPSRUWDQW VLJQDO IRU VLPLODUO\DV D FOHDUSRVLWLRQ
WRZDUGV HOHFWULF PRELOLW\ DW WKH QDWLRQDO OHYHO LPSRUWDQW IRU  6WDWH LQLWLDWHG LQIRUPDWLRQ FDPSDLJQV ZHUH
HYDOXDWHGDVLPSRUWDQWE\RIUHVSRQGHQWVPHDQZKLOHUHVSRQGHQWVHYDOXDWHGWKHLULPSRUWDQFHDVZHDN
7DEOH3HUFHQWDJHRISDUWLFLSDQWVLQGLFDWLQJWKHGHJUHHRILPSRUWDQFHRIPRWLYDWLRQDOPHDVXUHV
3ROLF\VXSSRUWPHDVXUH
'HJUHHRILPSRUWDQFH
1RWDWDOO $OLWWOH 1RRSLQLRQ $ORW 3UHGRPLQDQW
)LQDQFLDO6WDWHVXSSRUWHJFRILQDQFLQJIRUHOHFWULFYHKLFOHSXUFKDVH     
)RVVLOIXHOSULFHLQFUHDVH     
7D[UHEDWHVDQGVLPLODULQFHQWLYHVIRUHOHFWULFYHKLFOHV     
$YDLODELOLW\RILQIRUPDWLRQRQWHFKQLFDODVSHFWVFRVWVDQGEHQHILWVRIHOHFWULF
YHKLFOHXVH     
&OHDU6WDWHSROLF\DQGSRVLWLRQ     
HLQIRUPDWLRQLVVXIILFLHQWDVLWLVFXUUHQWO\GHWDLOHGLQIRUPDWLRQDERXW(9VFKDUJLQJDQGUHODWHGDVSHFWVLVIUHHO\DYDLODEOHDQG
ZHOOH[SODLQHG
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&RQFOXVLRQDQGGLVFXVVLRQ
7KHH[SHULHQFHZLWKWKHXVHRIHOHFWULFFDUVLQ/DWYLDLVRQO\EHJLQQLQJWRDFFXPXODWH$6WDWHVXSSRUWVFKHPH
IRU WKHSXUFKDVHRI HOHFWULF FDUV LQZDV WKH ILUVW LPSRUWDQW LQLWLDWLYH WRSURPRWH HOHFWULFYHKLFOHXVH LQ URDG
WUDQVSRUW 7KH DLP RI WKLV UHVHDUFK ZDV WR VWXG\ WKH LQWURGXFWLRQ DQG WKH XVH RI HOHFWULF YHKLFOHV LQ /DWYLDQ
PXQLFLSDOLWLHV )RU WKLV UHDVRQ D VXUYH\ZDV GHVLJQHG DQG GLVWULEXWHG WR SXEOLF ERGLHV JUDQWHG ILQDQFLDO VXSSRUW
ZLWKLQWKH6WDWHVXSSRUWSURJUDPPH5HVXOWVRIWKHVXUYH\RXWOLQHSRVLWLYHDQGQHJDWLYHDVSHFWVRIHOHFWULFYHKLFOH
XVHPRWLYDWLRQIRUHOHFWULFPRELOLW\LQWURGXFWLRQLQWKHPXQLFLSDOLW\DQGDVVRFLDWHGEDUULHUV
2YHUDOOVXUYH\UHVXOWVDUHFRQVLVWHQWZLWKSUHYLRXVVWXGLHVRQGULYHUVDQGEDUULHUVWRHOHFWULFYHKLFOHDGRSWLRQ
DOWKRXJKZLWKVOLJKWYDULDWLRQV(J LQ>@HOHFWULFYHKLFOHEDWWHU\UDQJHOLPLWDWLRQZDVPHQWLRQHGDVWKHELJJHVW
FRQFHUQ  IROORZHGE\DKLJKFRVW DQGFKDUJLQJ LQIUDVWUXFWXUH 7KHVH UHVXOWVHFKRDQRWKHU
VWXG\ >@ ZKLFK IRXQG WKDW WKDW HOHFWULF YHKLFOH SULFH DQG GULYLQJ UDQJH DUH PDMRU GLVDGYDQWDJHV RI HOHFWULF
YHKLFOHV  DQG  RI UHVSRQGHQWV DJUHHG WR WKH VWDWHPHQWV UHVSHFWLYHO\ )XUWKHU  DJUHHG WKDW
FKDUJLQJ WLPH LV DPDMRUGLVDGYDQWDJHRI HOHFWULFYHKLFOHV$FFRUGLQJ WR VXUYH\ UHVXOWV GHVFULEHG LQ >@SXEOLF
LQIUDVWUXFWXUHIRUHOHFWULFYHKLFOHFKDUJLQJKDVDSRVLWLYHLQIOXHQFHRQFRQVXPHUZLOOLQJQHVVWRFRQVLGHUSXUFKDVH
RI DQ HOHFWULF YHKLFOH +RZHYHU PRUH SDUWLFLSDQWV VDLG WKDW KDYLQJ FKDUJLQJ IDFLOLWLHV DW KRPH IRU RYHUQLJKW
UHFKDUJHLV LPSRUWDQW7KLV LVVXHZDVDOVRUDLVHGLQDVXUYH\LQ&DQDGD>@$XWKRUVIRXQGWKDW WKHYLVLELOLW\RI
SXEOLFFKDUJLQJVWDWLRQVDFWXDOO\GRHVQRWVHHPWREHWKHPRVWVLJQLILFDQWUHDVRQIRULQWHUHVWLQHOHFWULFFDUV7KH\
VXJJHVWHG WKDW SROLFLHV DLPHG DW LQFUHDVLQJ KRPH UHFKDUJH DFFHVVLELOLW\ FRXOG KDYH D JUHDWHU LPSDFW RQ HOHFWULF
YHKLFOHDGRSWLRQWKDQWKRVHIRFXVLQJRQSXEOLFFKDUJLQJLQIUDVWUXFWXUH
7R RXU XQGHUVWDQGLQJ GLIIHUHQFHV LQ WKH VLJQLILFDQFH RI WKH EDUULHUV EHWZHHQ WKH GHVFULEHG VWXGLHV DQG WKLV
UHVHDUFK FDQ EH H[SODLQHG GXH WR GLIIHUHQW EDVHOLQH FRQGLWLRQV RI LQIUDVWUXFWXUH DYDLODELOLW\ DQG DOVR JHQHUDO
HFRQRPLFVLWXDWLRQVLQFHWKHVHVXUYH\VZHUHSHUIRUPHGLQWKH86DQG&DQDGD0RUHRYHUWKHWDUJHWDXGLHQFHZDV
SULYDWHFDUXVHUVXQOLNHSXEOLFERGLHVLQWKLVVWXG\
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